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Abstract Spectra of solar radio bursts observed simultaneously in some of the selected frequencies in the band 0 245 15 4 GI\a (I 95 -
122 45 cm-X), have been studied The variation of spectral nature due to the variation ol thc magnetic field of the underlying active regions, and 
also due to the change m the hcliographic position of the bursts on the solar disc, has been investigated as well The directivity and the optical 
thickness have been found out m the aforesaid waveband allcr an extensive study on a large number ol discrete events An empirical relationship 
has been invoked for showing the variation of optical thickness with the observing wavelength of radio bursts occu.rmg in the central region of the 
disk from this relationship, it can be concluded that the variation of optical depth with the wavelength gives rise to a U-shaped pattern, 
attaining the minimum value around 1 GHz (30 cm-X) A comparative study between the spectral nature and the optical thickness of solar radio 
hursts observed in a wide band ol wavelengths, has been made in the present paper
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1. introduction
D ifferent k in d s  o f  w o rk  d o n e  on  th e  sp e c tra l c h a ra c te ris tic s  
o f so la r ra d io  b u rs ts  from  m e te r  to  m ill im e te r  w av e  reg io n  
have b e e n  p re s e n te d  in v a r io u s  e x c e lle n t m o n o g ra p h s  
published  fro m  tim e  to  tim e  [I - 4J. T h e se  sp ec tra , th e  s tu d ies  
ol w hich  w ere  c o n c e n tra te d  m a in ly  to  th e  m ic ro w av e  reg io n , 
were c la s s if ie d  in to  se v e ra l g ro u p s  a c c o rd in g  to  th e ir  sp ec tra l 
shape d raw n  o n  th e  b a s is  o f  th e  o b se rv e d  p e a k  flux  m easu red  
with the h e lp  o f  re c e iv e rs  o p e ra t in g  s im u lta n e o u s ly  in som e 
selected  fre q u e n c ie s . D if fe re n t e m iss io n  an d  ab so rp tio n  
m echan ism s w e re  c a lle d  in to  p la y  in o rd e r  to  ga in  an  in s ig h t 
into th e  p h y s ic a l c h a ra c te r is tic s  o f  th e  a m b ie n t m ed iu m , 
where th e  ra d io  e m itt in g  z o n e s  a re  lo ca ted . B u t th e  ac tua l 
em ission m e a s u re  o f  th e  so u rc e  re g io n  is n o t o b ta in ed  
w ith o u t th e  c o n s id e r a t io n  o f  th e  a t te n u a t io n  c a u s e d  
s im u ltan eo u sly  b y  th e  in te rv e n in g  m e d iu m  d u rin g  the  p erio d  
of bu rst e v e n t. S o , in  th is  p re s e n t  p a p e r , w e  h av e  m ad e  an 
a ttem pt to  g e t  an  id e a  a b o u t th is  e m iss io n  m ea su re  in w ide  
band o f  w a v e le n g th s  fro m  th e  e x p e rim e n ta lly  o b se rv e d  d a ta , 
after c o n s id e r in g  th e  e ffe c t o f  a b so rp tio n  in th e  re sp ec tiv e
ban d . In o rd e r to  do  th is, wc have d raw n  the w id e  b and  p eak  
flux sp ec tra  o f  rad io  b u rsts, and  su b seq u en tly , c o m p a re d  
them  w ith  the d eg ree  o i' a tten u a tio n  cau sed  a t d iffe ren t 
w av e len g th s, w h ich  has a lso  been  d e riv ed  from  a  la rg e  
n u m b er o f  ex p erim en ta l da ta
2. W id e  b a n d  s p e c t r a l  n a tu r e
S p ec tra  o f  co n tin u u m  type sp o rad ic  rad io  e m iss io n  w ere  
d raw n  by  tak in g  b u rs t-ev en ts  h av in g  the  c h a ra c te ris tic s  o f  
s im u ltan eo u s  m u ltifreq u en cy  em issio n , each  o f  w h ich  w as 
rep o rted  by the sam e sta tio n , so  th a t n o  e rro r m ay  c re e p  in to  
th e  m easu red  (lux v a lu es  d u e  to  the u se  o f  d iffe re n t tim e  
co n stan ts  o f  rece iv e rs  and  th e  d iffe ren ces  o r  d e fic ie n c ie s  o f  
the  ca lib ra tio n  sy s tem s fh e s e  b u rs ts  (a lto g e th e r  4 4  ev en ts )  
w ere  o b se rv ed  at least at e ig h t o f  the n in e  o b se rv in g  
freq u en c ies  0 .2 4 5 , 0 .4 1 , 0 .6 0 6 , 1 4 1 5 , 2 .6 9 5 , 4 .9 9 5 , 8 .8 ,
15.4, and  35 G H z  by S ag am o re  H ill, P a leh u a , L ea rm o n th , 
San V ito  o b se rv a to rie s  d u rin g  th e  p e rio d  1 9 9 2 -1 9 9 4 .
T he peak  flux va lu es o f  a  p a rtic u la r  e v e n t in w h ich  th e  
em issio n  tak es p lace  in all th e  a fo re sa id  fre q u e n c ie s  in a
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s im u lta n e o u s  m an n e r , w ere  n o rm a lise d  w ith  re sp e c t to  th e  
m ax im u m  v a lu e  o f  p e a k  flux  o b se rv e d  fo r th a t even t. A fte r 
in sp e c tin g  th e  sp e c tra l sh a p e  o f  each  ev en t, th e  sp ec tra  w ere  
g ro u p e d  in to  se v e ra l c la s se s , e ach  c la ss  g iv in g  a d e fin ite  
ty p e  o f  sp e c tra l n a tu re . T h e  a v e ra g in g  has b een  m ad e  o n ly  
on  th o se  sp e c tra  in w h ich  th e  n o rm a lised  va lu es a t a 
p a r t ic u la r  fre q u e n c y  d o  n o t d e v ia te  m u ch  from  each  o ther. 
In th is w ay, th e  a v e ra g e  sp e c ira  o f  the fo llo w in g  k in d s w ere  
o b ta in e d , w h ich  are  illu s tra te d  in l igu re  1.
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b an d  ab o v e  50  cm -^ . In th e  sh o r te r  w a v e le n g th s , th e  p icture 
is d iffe ren t. In 6 0 %  cases , th e  sp ec tra l sh a p e  is e ith e r  flat or 
g iv es  a less p ro n o u n c e d  p eak  in w h ich  th e  in ten sity  value 
is ab o u t o n e  fo u rth  o f  th a t a t m e te rw av e . T h e  d ip  in intensity, 
g iv in g  th e  sp ec tra l m in im a, g en e ra lly  o ccu rs  in th e  w avelength  
ran g e  2 0 - 5 0  cm  ( 0 .6 - 1 .5  G H z ) in m o s t o f  th e  cases 
s tu d ied .
3. Spectra at different magnetic fields
T h e  b u rs t-e v e n ts  w ere  c o rre la te d  w ith  th e  u n d e rly in g  sunspot 
g ro u p s  w h o se  m a g n e tic  fie ld s  w ere  g iv en  in so m e  ranges 
M o st o f  th e  ev en ts  (a lm o s t 8 0 % ) are  fo u n d  to  be  associa ted  
w ith  ac tiv e  reg io n s  h av in g  m a g n e tic  fie ld  in th e  ra n g e  2100 
3 0 0 0  G . F ig u re  2  g iv es  th e  sp e c tra  fo r  th e  tw o  ranges of
0 0 2  04  0 6. ufl 10 1? 14 16 Ifl 2 0 22
liij» ( k cm)
Hf^iirc 1. Witic band avcra[;c spcclra of radio biirsls showing diircrenl 
types of spectral naiiirc The alphabets as shown in biguic represent the 
following types of spectra (a) li-shaped, (b) double peak, (c) inverted 
U, (d) flat and then incrciLsmg and (e) flat and peak at meterwave I'he 
number of events on which the averaging has been done (a) 7, (h) 6, (c) 
10. (d) 16 and (e) 5 Veitical lines give the estimated eriors in the 
lespective measured values
(a )  If-shapcil: The.se sp e c tra  h av e  a m in im a  a ro u n d  20 
cm -3. (1 .5  G H z ) r is in g  b o th  in th e  h ig h e r and  lo w er 
w a v e le n g th  s id es .
(b )  Double peak : T h e y  p o sse ss  th e  m o s t p ro m in en t 
m a.xim a a ro u n d  75 c m -^  (0 .4  G H z ) an d  less p ro m in e n t 
m a x im a  a ro u n d  4 c m - ^  (7 .5  G H z ) w ith  a  d ip  in 
in ten sity  a ro u n d  2 0  cm-?^.
(c )  Inverted U : T h e y  h av e  b ro a d  p e a k s  in th e  w av e len g th  
ran g e  6 - 1 2  cm-A, (2 .5 - 5  G H z ), d e c re a s in g  in th e  
sh o r te r  w a v e le n g th  s id e  an d  in c re a s in g  in th e  lo n g e r 
w a v e le n g th  s id e  w ith  a d ip  in in ten sity  a ro u n d  50  
cm -A .
(d )  Flat and then increasing ; T h e  sp e c tra  rem a in  a lm o st 
fia t in th e  sh o r te r  w a v e le n g th s  u p to  3 0  cm -A  ( I  G H z ) 
an d  th en  th ey  in c rea se  w ith  the  w a v e le n g th  to w a rd s  
th e  lo n g e r  w a v e le n g th  ab o v e  30  cm -A.
(c )  Flat with a peak at meterwave : T h ey  re m a in  f la t u p to  
30  cm -A , p e a k in g  a ro u n d  75 cm -A  (0 .4  G H z ).
O u t o f  th e se  v a r io u s  ty p e s  o f  sp e c tra , th e  In v e rted  U  an d  
the  F la t an d  th en  in c re a s in g  ty p es  (3 rd  an d  4 th  c a te g o rie s )  
a re  fo u n d  to  o c c u r  m o s t (6 0 %  c a se s ) . B a rrin g  a few  case s , 
th e  sp e c tra  e ith e r  a tta in  p e a k  o r  h a v e  a  te n d e n c y  to  a tta in  
p e a k  in th e  lo n g e r  w a v e le n g th  reg io n , e lu c id a tin g  th a t the 
ra d io  e m iss io n  b e c o m e s  v e ry  m u c h  in ten se  a t m e te rw a v e
Figure 2. Normalised spectra of radio bursts Ibr different ranges of 
magnetic field of associated active regions (a) represents field slrengili 
1100-2000 G and (b) gives 2100-3000 G The number of events taken 
for avciaging (a) 0 and (b) 35
m ag n e tic  fie ld  1 1 0 0 -2 0 0 0  G an d  2 1 0 0  -3 0 0 0  G . H ig h er the 
m ag n e tic  fie ld , h ig h e r  is th e  in te n s ity  a t a ll w aveleng ths 
e x c e p tin g  the  m e te rw a v e  reg io n . A g a in , th e  g ap  b e tw een  the 
tw o  cu rv es  in c reases  m o re  an d  m ore , as th e  sh o rte r  w avelength  
is a p p ro a c h e d , w h ich  in d ic a te s  th e  p re d o m in a n t ro le  of 
m a g n e tic  fie ld  in th e  em iss iv ity  in th e  m ic ro w a v e  region.
4. Spectral variation due to the different location of 
bursts
T h e  lo ca tio n  o f  a b u rs t w as  id e n tif ie d  b y  th e  resp ec tiv e  
p o s itio n  o f  th e  a sso c ia te d  H a - f la re s . 77ic ra d io  b u rs ts  and 
H a - f la re s  w e re  re g a rd e d  fo r a s so c ia tio n , w h en  th e ir  starting 
tim e s  d id  n o t d if fe r  m o re  th an  ± 5  m in  fro m  each  other 
A c c o rd in g  to  th e  p o s itio n  on  th e  so la r  d isc , th e  sp e c tra  were 
g ro u p e d  in to  th e  fo llo w in g  c a te g o rie s  :
(i)  L im b  b u rs ts  : p o s itio n  in th e  6 1 - 9 0 °  lo n g itu d e ,
(ii)  M id  b u rs ts  : h a v in g  lo c a tio n  3 1 - 6 0 °  lo n g itu d e ,
(iii)  C e n tra l b u rs ts  : h a v in g  lo c a tio n  0 - 3 0 °  long itude.
F ro m  F ig u re  3 (i) , it is e v id e n t th a t th e  in te n s ity  o f  limb 
b u rs ts  is g re a te r  th a n  th o se  o f  c e n tra l an d  m id  b u rs ts  at all 
th e  w a v e le n g th s  b e lo w  100 cm -A . W h en  th e  c e n tra l an d  mid 
reg io n  b u rs ts  a re  c o m p a re d , it is o b se rv e d  th a t th e  central
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b u r s t s  are  m o re  in te n se  th a n  th e  m id  b u rs ts  in th e  sh o rte r 
w avelengths b e lo w  2 0  cm -X  a n d  th e  re v e rse  is tru e  fo r  the
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HgiiiT 3(i). C'ciUre to limb variation ot spectral nature (a) represents limb 
hiiisls (61" W  longitude), (b) central bursts (0"- 30“) and (c) mid longitude 
(iiirsis ( ) r ’-60“) The number of events taken foi averaging (a) 16, 
(bl 6 and (c) 22
w av d cn g lh s a b o v e  2 0  cm . F ig u re  3 (ii)  g iv es th e  an iso tro p y  
m the in ten sity  o f  ra d io  b u rs ts  o c c u rr in g  at th e  m id  la titu d e  
and hm h re g io n s  w ith  re sp e c t to  th e  c en tra l b u rs ts
ze ro  to  in fin ity . F o r th is  reaso n , w e h av e  ta k e n  a  la rge  
n u m b er o f  rad io  b u rs ts  in each  o f  th e  a fo re sa id  fre q u e n c ie s  
as show n in T ab le  1. T h e  o ccu rre n c e  freq u en cy  d is tr ib u tio n  
o f  the  in tensity  o f  rad io  b u rs ts  at dilTercnt fre q u e n c ie s  has 
been  rep o rted  in o u r ea rlie r  p a p e r [9] and  is g iv en  by
AA^
M ( I )
w h ere  AA/^  rep re sen ts  the  n u m b er o f  b u rs ts  in th e  in ten sity  
range /  to  ( /  3- A /) and a, h and  c are a rb itra ry  co n ten ts . T h e  
v a lu es o f  these  co n stan ts  a re  d isp lay ed  in 1 'ab le  I.
table 1. V.ilLes of diffcrcnl con.slanls al dilkrcnt Ircqucncics
1 requentv of 
obscrvaiion 
in GH/
lotal number 
ol bursts
Values ol conManLs
h c CJ
0 245 2730 1 25 0 23 67 0
0410 2008 1) 44 0 19 62 9
0 650 1665 -1 22 0 04 72.1
0 050 1216 -1 25 0 04 79 4
2 800 2027 1 65 0 02 44 98
4 005 2240 021 0 IS 63 90
8 800 1888 0 79 0 20 59 20
15 400 1600 0 67 0 19 70 80
tiKurc I ongiUidc dependence of the anisotropy in the intensity of 
i.ulio bursts (A) for mid latitude bursts and (B) for limb bursts
T hese  re su lts  a re  n o w  c o m p a re d  w ith  th o se  o f  ea rlie r  
icpoits. K a k in u m a  et al [5] o b ta in e d  th e  in ten sity  ra tio  
/ (60” - 9 0 ° ) /F ( 0 ° - 3 0 ° )  v a ry in g  in th e  ra n g e  0 .6 -0 .7  at all 
Ircquencies b e tw e e n  1 G H z  an d  9 .4  G H z ; w h ile  S ca lise  and 
to w o rk ers  [6 ,7 ] o b ta in e d  th e  ra tio  F (6 0 ”- 9 0 ”) / F ( 0 ° - 1 5 ‘’) 
as 1.5 a t 9 .4  G H z , 0 .7  a t 3 .7 5  G H z , 1 a t 2 G H z  and  1.5 at 
1 OHz. G e lf r ic k  [8 ] re p o r te d  th e  re su lts  o f  o b se rv a tio n s  w ith  
the K A T A N  6 0 0  w h ic h  c o m p ly  w ith  o u r  p re se n t s tu d y  as 
as w ith  th e  p re d ic tio n  b a s e d  on  a  h o m o g e n e o u s  m o d e l 
so lar a tm o sp h e re .
Intensity distribution of radio bursts
hi o rder to  fin d  o u t th e  a c tu a l in ten sity  d is tr ib u tio n  o f  rad io  
hursts o b se rv e d  in  th e  fre q u e n c y  ra n g e  0 .2 4 5 -1 5 .4  G H z, the  
hurst in ten sity  sh o u ld  a s su m e  a ll th e  v a lu e s  ra n g in g  from
W ith  the he lp  o f  th is  so r t o f  n ew ly  d ev ised  d is trib u tio n  
law , the  o p tica l th ick n ess  o f  th e  a b so rb in g  lay er has been 
found  o u t at d iffe ren t freq u en c ie s  o f  rad io  b u rs ts  a fte r 
ex am in in g  th e ir d irec tiv ity  th a t is th o u g h t to  be d u e  to  the  
a tten u a tio n  cau sed  by  the  a b so rb in g  lay er ab o v e  the  burst 
so u rce  [10].
6. D ire c t iv i ty  o f  r a d io  b u r s t s  a t  v a r io u s  w a v e le n g th s
In o rd e r to  find  o u t the d irec tiv ity  o f  rad io  b u rs ts , th e  
o c cu rren ces  o f  b u rs ts  (AAO in d iffe ren t ran g es  o f  an g u la r  
w id th s ( A ^  h av e  b een  fou n d  ou t and  ANIAO h av e  b een  
c a lc u la ted  and p lo tte d  ag a in s t 0 w h ich  rep re se n ts  the  m id ­
v a lu e  o f  th e  re sp e c tiv e  range . It h as b een  fo u n d  th a t th e  
an g u la r  d is tr ib u tio n  can  be f itted  w ith  a G au ss ian  d is tr ib u tio n  
o f  the  fo llo w in g  ty p e  :
\ o - d ) - ^
/ W  = ^  =  / ( 0 ) e x p
2cr^
(2)
w h ere  0 v a rie s  from  -n l2  to  n!2.
It has b een  fo u n d  from  th e  d a ta  th a t 6 - 0 .
So. / ( ^ )  =  / ( 0 ) e x p
H en ce . l n ^  =  l n / ( 0 ) - ^
(3)
(4)
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T h e  p lo ts  o f  In A W A ^ a g a in s t  (fi a re  sh o w n  in F ig u re  4. T he  
s lo p e  o f  e a c h  o f  th e  s tra ig h t lin e s  g iv es  th e  v a lu e  o f  l/2 c j^  
fro m  w h ich  cr h a s  b een  fo u n d  ou t. T h e  v a lu e  o f  a  g iv e s  a
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S o  the n u m b e r o f  b u rs ts  o b se rv e d  a lo n g  th e  lin e  at an 
a n g le  0 w ith  re sp e c t to  th e  d ire c t o b se rv a tio n  is
A^(0 )  =  j (IN.
( 6 )
/* min^
fa k in g  th e  m in im u m  v a lu e  o f  in te n s ity  /mm as  I s .f .ir , 
it can  be w ritten  as
^ ( ^ ) / A ' ( 0 )  -  erfc[^{\nf,„,„  + V r  -  ( ^ 4  l ) / 2 c ) ] /  
erfc[-Jc{\n /„ ,„  -( /» 4  l)/2 c)].
T h is  ra tio  can  be  e q u a te d  to  f(0)/fiO) o b ta in e d  from 
cq . (3 ).
e/-/c[ V c (  In ^miii V T -{h +  l ) / 2 c ) ] / e r / c  
x [ V ^ ( l n / . „ , „ - ( / > H ) / 2 r ) ]  = -6 > V 2 cT = . (7 ,
F o r 0 ^ 0 ,  T To, h en ce  A r   ^ 0.
F o r e v a lu a tin g  A n n  each  freq u en cy , th e  eq . (7 )  has been 
used  and  th e  c o rre sp o n d in g  v a lu e s  o f  th e  c o n s ta n ts  b, c and 
rx h av e  b e e n  o b ta in e d  fro m  T a b le  I.
F rom  th e  eq . (7 ) , th e  v a lu e s  o f  A r  h av e  b een  com puted 
on  th e  b as is  o f  th e  s ta tis tic a l a n a ly se s  o b ta in e d  from  the 
in te n s ity  d is tr ib u tio n  as w e ll as fro m  th e  long itud inal 
d is tr ib u tio n  o f  th e  o b se rv e d  ra d io  b u rs ts . T h e se  A r  values 
h av e  b een  p lo tte d  a g a in s t (se c  0 - \ )  as sh o w n  in F igure 5 
T h e  F ig u re  sh o w s th a t th e  v a lu es  o f  A r  in c rea se  with
Figure 4. Plots iifln A WAr? against 0^ This slope of the slraighl line gives 
the value ol 1/2 in each of the ofTserving Irequencies
m ea su re  o f  d is p e rs io n  o f  th e  d a ta  in d if fe re n t lo c a tio n s  on 
th e  d isk  a t a p a r t ic u la r  fre q u e n c y  T h e  c o m p u te d  v a lu e s  o f  
c r a r e  sh o w n  in T a b le  I. It is o b se rv e d  th a t th e  d isp e rs io n  
a tta in s  a m in im u m  a ro u n d  3 G H z  (1 0  cm-A,) an d  m a x im u m  
a ro u n d  I G H z  (3 0  crn-A,).
A s th e  d is p e rs io n  is le a s t a ro u n d  10 cm-A., it c an  be 
c o n c lu d e d  th a t m o s t o f  th e  b u rs ts  a t th is  fre q u e n c y  arc  
c e n tra lly  lo c a te d , / e , m ax im u m  n u m b e r o f  b u rs ts  in th is  
f re q u e n c y  m a y  b e  c a lle d  c e n tra l b u rs ts .
7. O p t ic a l  th ic k n e s s  a t  d i f f e r e n t  w a v e le n g th s  f o r  c e n t r a l  
b u r s t s
L e t us c o n s id e r  a p a ra lle l p la n e  lay er m o d e l o f  th e  so la r  
a tm o sp h e re . T h e  a tte n u a tio n  Is c a u se d  b y  th e  a b so rb in g  lay er 
a b o v e  th e  so u rc e  o f  a b u rs t. W h en  it is o b se rv e d  a lo n g  a line 
in c lin e d  a t an  a n g le  0 w ith  th e  d ire c t line o f  s ig h t, th e  
o b se rv e d  in te n s ity  b e c o m e s  le w h e re  /  is th e  in te n s ity  o f  
th e  so u rc e  lo c a te d  a t th e  o r ig in  an d  A r  ^ r -  tq. H ere , r  is 
th e  o p tic a l th ic k n e s s  a lo n g  th e  in c lin e d  lin e  o f  s ig h t an d  ro 
a lo n g  th e  d ire c t lin e  o f  sig h t.
H e n c e , A r  -  r - T q =  r o ( s c c ( / - 1 ) . (5 )
( 5 P C 0 - 1  )
Figure 5. Curves showing the variation of A r against (sec ^ 1 ).
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0 -  1) aim ost cxpon en lia lly  passing through origin. Upto  
all the curves are approxim ately  linear excepting the 
Iriqijcncies 0 .6 5 , 0 .9 5  and 2 .8  G H z  fo r which the linearity  
e x t e n d s  upto 50". T a k in g  the linear portion which passes 
[hrcHigh the orig in , w e have, in this analysis, calculated 
(lie values o f  ro a.ssuming that A r  varies linearly with 
(sec d 1) as shown in eq. (5 ). Hence, the slopes o f the 
‘,11 .light lines give the values o f  tq at d ifferent frequencies.
After find ing  out the values o f  ro, a graph as shown in 
1 joiiic 6 IS draw n against tq (in  neper) versus logu, A (in  cm).
W a v c lc iif i ih  (X )  III LiTi
huiiiT 6. I he curve gives Ihe variation of rn against lop/1 tiom which 
,'iu. .iLpciiilcnec 1)1 m on the wavelength A is derived
the optical thickness as obtained from  the best fitting curve 
loi the whole range o f  frequency under consideration is 
”i\'cn as fo llow s .
To -  1.2 X 10 +  l 9 2 .4 A - '^  (8 )
llic correlation coeffic ien t between the statistically obtained  
lilies o f  r,) based on experim entally  observed radio burst 
iiu i and the com puted values from  this em pirical relation  
IS about 0 .9 2 5 , show ing the best fit between them
I hijs, the optica l thickness tq fo r the central bursts attains 
ilu.' m inim um  value at around 1 G H z  (3 0  cm-A.), but it 
mcicases w ith  the decrease as w e ll as the increase o f  
'Mivelcngth. In  the low er w avelength side, the values o f ro 
derived from the em p irica l re lation fit w e ll w ith those o f the 
her workers [2,11 ] w ho reported that the optical thickness 
‘d the corona read from  the level (R*) where the refractive  
’iidex IS zero, rises as the w avelength decreases This is 
iimncctcd w ith  the corresponding displacem ent o f  the 
'^ ‘Hccting layer into the deeper layers o f  the corona and then 
chromosphere w ith  higher electron density (ISp) values 
<nd a lower tem perature T. As a result o f  this, the coefficient 
reflection o f  e lectrom agnetic  waves from  the solar 
^innospherc falls as A decreases (e
In the longer w avelength side (coronal region), the ffee- 
opacity is given as [4 ] :
T cjcA  ^ sec 0 , (9 )
where 0 is the angular distance from  the Sun’s centre.
I aking 0 0 for the central bursts, it can be written as
^ // (1 0 )
Again, from the eq. (8 ), it is evident that for greater 
wavelengths, the lirst term dominates over the second one, 
the exponent o f  this term being equal lo 2 .6  In eq. (1 0 ), the 
optical thickness has been considered on the basis o f  free- 
Irec absoqition only, but other kinds o f absorption effects 
[3 ,12  15], like absorption below plasma frequency, gyro- 
resonance absorption, gyro-synchrotron rc-absorption by the 
radiating electrons themselves and Razin-T.sytovich effect 
are to be taken into eonsideralion for getting a true picture 
o f  the optical depth.
It is observed that the optical thickness fo r the central 
bursts is m inim um  around 30 cm-A. In comparison to 10 cm- 
A bursts, the 30 cm-A hursts have lower d irectiv ity  which is 
nothing but the reciprocal o f  the variance a, and also they 
have the least optical thickness. So the various absorption 
phenomena thought lo be prevale.il in the solar atmosphere, 
play the least role on the emitted radiation, as a result o f  
which the radiation is least suppressed.
K. Discussions and conclusion
From the foregoing analysis, il is observed that in the shorlcr- 
wavclcngth region, the spectrum is either Hat or possesses 
a less prominent peak compared lo that at rnelerwave region. 
In this wave band, the optical thickness is found lo be high, 
which corroborates the earlier rcpoils as w ell; the results are 
found to fit quite well with the shape o f the spectra obtained 
from the present study Around 30 cm-A, the spectral 
intensity is m inim um , v/.s-f/-\7.v, the optical thickness is also 
m inim um . In the meterwave region, the spectral intensity 
attains the highest possible value in most o f  the events; in 
tunc w ith this, the optical thickness approaches larger values 
at greater wavelengths. For larger wavelengths above 50 cm - 
A (below  0 .6  G H z ), the actual emission measure o f  the radio  
sources might be more high enough, so that, in spite o f  
greater ailcnualion caused by the absorbing layer, the observed 
emission intensity becomes considerably higher than that o f  
the m icrowave part o f  the spectrum. This m ay be due to the 
fact that the emission at m ctric-dccim etric waves come from  
regions higher in the corona and are originated by a number 
o f  emission mechanisms, such as, plasma waves excited by 
particle beams, or shock waves.
In exam ining the intensity distribution o f  radio bursts as 
given by eq. ( I ) ,  no consideration has been made about the 
ccnter-to-lim b dependence o f  circular polarisation which  
may influence the total flux determinations. As the data used 
in this analysis were obtained with the help o f  linearly  
polarised telescopes, hence, some error may creep into the 
em pirical relation obtained so far. M oreover, the frequency  
band used in this analysis covers the m etrewave as w ell as 
the m icrowave band, and hence, the emission mechanisms
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d if fe r  fo r  th e  d if fe re n t p a r ts  o f  th e  ra d io  sp e c tru m . A ll th ese  
p ro c e s se s  h av e  th e ir  re s p e c tiv e  s e l f  a b so rp tio n  c o e ff ic ie n ts  
w h ich  c o u ld  n o t be  ta k e n  in to  c o n s id e ra tio n  fo r e v a lu a tin g  
th e  o p tic a l th ic k n e ss  b e c a u se  o f  th e  paucit> ' o f  th e  re lev an t 
d a ta . B ut w h a te v e r  m ay  b e  th e  a b so rp tio n  m ec h a n ism s , th e  
d ire c tiv ity  o f  b u rs ts  m ay  be u sed  as a y a rd s tic k  fo r the 
d e te rm in a tio n  o f  o p tic a l th ic k n e ss  in th e  e n tire  b an d  o f  
w a v e le n g th s ,
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